Statistical downscaling model was used to generate 30-year climate trend of Kedah -the state which has the largest cultivation area in Malaysia, resulting from climate changes. To obtain a better predictors set, multicorrelation matrix analysis was added in the climate model as a screening tool to explain the multiple correlation relationship among 26 predictors and 20 predictands. The performance of the predictor set was evaluated statistically in terms of mean absolute error, mean square error, and standard deviation. The simulation results depict the climatic changing trend in this region in terms of temperature, rainfall, and wet and dry length compared to historical data captured from 1961 to 2008. Annual temperature and rainfall depth are expected to increase 0.2 W C per decade and 0.9% per year, respectively, from the historical record. The months of November and January are expected to receive the highest and lowest rainfall depth, respectively, because of the two monsoon seasons. The wet spell is estimated to be from May to November in the middle of Kedah. The annual dry spell shall be from January to March, and is expected to shorten yearly.
society and ecosystems is strongly correlated to climate change. Unusual warms change the water volume stored in reservoirs due to unpredictable rain availability, timing, and water quality. In the United States, Izuka et al.
() stated the storage of the Garlinghouse Tunnel had decreased around 50% since the 1980s; the storage depends fully on the precipitation and river runoff during wet periods. When global warming escalates, it increases the water evaporation rate and may easily lead to water storage loss of more than 20% of the average annual runoff. This becomes especially worrying since the valley width is impounded and has larger water open area (FAO ) . This also means that water storage has turned into an uncontrollable factor when rainfall patterns become unpredictable, and the compounded effects are felt by all sectors.
For the agriculture sector, more uncertainties in climate make it increasingly difficult to predict and plan the irrigation demand even for the following month. New approaches are therefore needed to gauge changes in rainfall directions, duration, trending, and depth. This has been largely addressed using various climate models developed to primarily understand the changes in present/ future climatic conditions with due consideration on greenhouse gases and aerosols emission (Goosse et al. ) . Such models also assist in evaluating regional surface water response and reservoir system capacity to meet local demands (Yano et al. ) .
This case study introduces a statistical downscaling model (SDSM) which has been used to generate the current/future local climate trend. SDSM models have been widely applied for hydrological issues caused by climate scenarios because it provides station-scale climate information at general circulation model (GCM) scale between atmospheric circulation pattern (predictors) and local-scale parameters (predictands) using multiple regression techniques. It is a popular tool among researchers since it can portray an easily understandable relationship pattern between predictor and predictand. Besides, the model does not require high computational demand to view the simulation result because the output is presented in finer resolutions. To conclude, it is cost-effective and gives satis- and local climate (predictand). Table 1 gives the list of predictor and predictand combinations used in this study.
These relationships were developed using observed weather data and previously captured relationships among GCM-derived predictors. This produces the maximum, mean, and minimum temperature, the precipitation and humidity of site-specific daily scenarios for a selected region, and the range of statistical parameters such as variance and frequencies of extremes. The SDSM downscaling used two types of data, viz. predictand and predictor at the grid box of 28X × 33Y.
The historical rainfall data Figure 1 illustrates the schematic diagram of SDSM model that was adopted in this study (see Table 1 for full list of predictors and predictands). 
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where x i,j and y i,j refer to the predictands and predictors data at i and j raw; xy is the mean value of both variables, and s x and s y refer to their standard deviation (StD). Basically, the capability among variables was interpreted as values between À1 and 1 to show positive/negative association.
The positive value illustrates how strong the predictandpredictor relationship is in the transformation and vice versa. Table 2 . 
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RESULTS AND DISCUSSION
Temperature simulation result
The simulation of temperature data (predictand) referred to the meteorological station at Alor Setar. It was assumed that the recorded temperature at Alor Setar meteorological station could represent the temperature trend at Kedah state. Contrary to the rainfall trend, the temperature difference between districts in Kedah is very small and almost distributed uniformly across all surrounding states. The pattern of temperature is also consistent even at different locations. Because of the very small difference in temperature, the temperature reading at Alor Setar station was taken to represent the temperature trend at Kedah.
In the SDSM screening results, five predictors were selected to generate the temperature trend at the study 
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Standard deviation site: surface airflow strength (p_f); 500 hPa geopotential height (p500); relative humidity at 500 hPa (r500); relative humidity at 850 hPa (r850); and mean temperature at 2 m (temp). The rationale was that the temperature record had better interconnection with these five atmospheric characteristics since it produced higher correlation values within the range of 0.3-0.5 compared to the remaining 21 available predictors. Figure 3 shows the potential of selected predictors associated with the local temperature station in calibrated (1972-1986) and validated (1987-2001) process using predictor sets from NCEP for three conditions -maximum, mean, and minimum temperature.
The line graphs showed that the selected predictors were close to the monthly observed data. However, the estimated minimum temperature during the validation process was slightly lower than observed record during January to September. Table 3 summarizes the performances of calibration and validation results. The error value was within the range of 0.1 W C (October and December) to 0.9 W C (January). As for the max and mean temperature, the error where the warmest season will be in December-JanuaryFebruary (DJF) at the end of the century and the temperature increment will be 1.1-3.0 W C.
Rainfall simulation result
The analysis of rainfall trend was more complex than the In general, the rainfall distribution is non-uniform because each location receives different rainfall depth, but within the range of 5-30 mm/day or 1,645-3,335 mm/year.
To evaluate the predictor set's performance, Table 5 satisfactory. The error produced was also low and within reasonable range at most rainfall stations. The accuracy of the simulated data also proved that the selection of predictors at each location was important for the calibration process. These predictors shall be used to develop climate trend for future years. Figure 6 shows the projection of annual rainfall distribution from year 2040 to 2069 using the GCMs model which represented the physical atmosphere using numerical data. The future trending was generated at every rainfall station using the predictor set provided by the HadCM3-A2 scenario. As can be seen in the map (Figure 6 ), the maximum annual rainfall is estimated to reach 4680 mm/year at Kuala Muda and west of Sik district. The rainfall depth is estimated to spread from Kuala Muda to the nearby areas such as Pendang, Sik, several parts in Kota Setar, Padang
Terap, and Baling. Most of the districts are anticipated to experience higher rainfall amounts from the previous interval year, except at Yan and west of Pendang. The minimum rainfall amount is predicted to be about 1,900 mm/year, an 11.0% increase from the historical minimum rainfall. The average annual rainfall for this interval year is predicted to be 2,944 mm/year, a 22% rise compared to the historical year. The monthly rainfall of this year is predicted to be consistent with the historical year, but with high monthly rainfall depth. November is expected to receive the highest depth compared to September (this is the peak month in historical data). The main reason for this transition of trend will be the wind during the north-east monsoon in east Malaysia.
The minimum rainfall is predicted to fall in January (16 mm/month) at station Kodiang and the maximum rainfall to be in November (892 mm/month) at station Ibu Bekalan Tupah.
Rainfall projection at the Pedu-Muda reservoir area
The projection of climate for the purpose of better reservoir management was based on stations 61 and 66, which represent the Pedu reservoir and Muda reservoir areas, respectively. Generally, the monthly rainfall trend at these annual rainfall during this year is predicted to achieve 2,565 mm/year, 8% more than the historical record.
Meanwhile, the rainfall projection results at station 66
shows a different pattern from that of station 61. In the future, the rainfall depth will increase in February, April, May, and November while decrease slightly in other months. The highest rainfall depth will be in November and not October as indicated in the historical data. The future rainfall trend will affect the expected increment in contaminant into the earth systems due to development.
However, January will still receive the least rainfall depth; the estimated average annual rainfall is 2,382 mm/year, À5% from previous record (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) .
Wet and dry length
A wet day is defined as a day with at least 1 mm of rainfall Uncertainties in climate change due to global warming are expected to impact upcoming atmospheric transition.
With this, the management of water resource systems will be more important than ever to meet all demands as well as brace for calamitous events. The Muda Irrigation
Scheme is the largest paddy cultivation zone and the main suppliers of rice, the staple food of Malaysians. The cultivation area is fully dependent on the Pedu-Muda reservoir for irrigation purposes during the two cultivation seasons in a year. Therefore, the current rule-curve operation used to predict rainfall has to be amended to cater for climate change issues. A better projection of future climatic variability shall enrich the updated hydrological information, which will become useful to operators in preparing or reinventing their strategies.
